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Abstract
The continuing epidemic of cardiovascular diseases calls for a renewed 
and intensified preventive public health action. The widespread occu-
rrence and silent progression of atherosclerosis has created a cardio-
vascular diseases burden that is massive in terms of its attendant death 
and disability, as well as social and economic costs. 
Atherosclerosis begins to develop in childhood and progresses into 
the adult years, significantly affected by the associated risk factors. 
Recent studies of children, adolescents, and young adults have de-
monstrated the close link of blood cholesterol level, blood pressure 
level, smoking, physical inactivity, and obesity with the extent and 
severity of atherosclerosis in the underage population. These findings 
underscore the opportunities for preventing cardiovascular diseases 
during childhood and adolescence, as well as the lifelong importance 
of prevention. In most children, atherosclerotic vascular changes are 
minor and can be minimized or even prevented with adherence to a 
healthy lifestyle. Accordingly, participation of children in sports and 
active play has never been more crucial than it is today. Furthermore, 
beside the beneficial role of physical activity in delaying or preventing 
metabolic complications, it has also been shown to improve bone mi-
neral density, increase school performance, and have a positive effect 
on mental health.
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Introduction
Due to their prevalence, the continuous increase in the number of 
patients, high mortality and disability rates, as well as social and 
economic costs, in the last decades cardiovascular diseases (CVDs) 
have attained an important place in the activities of the global public 
health policy makers. Atherosclerosis is at the core of the problem in 
the largest proportion of subjects with these diseases. According to 
the World Health Organization (WHO) data an estimated 17.5 million 
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people died from CVDs in 2012, representing 31% 
of all global deaths. Of these deaths, an estima-
ted 7.4 million were due to coronary heart disease 
and 6.7 million were due to stroke [1]. For all tho-
se reasons, under the leadership of the WHO all 
Member States (194 countries) agreed in 2013 on 
global mechanisms to reduce the avoidable non-
communicable diseases (NCD) burden, including a 
"Global action plan for the prevention and control 
of NCDs 2013-2020". This plan aims to reduce the 
number of premature deaths from NCDs by 25% 
by 2025 through nine voluntary global targets. All 
nine global targets directly or indirectly focus on 
preventing and controlling CVDs [2]. 
This review will discuss the evidence supporting 
the premise that lower physical activity in the in-
dustrialized world is associated with worse health 
outcomes as well as being an important indepen-
dent risk factor for CVDs. A particular focus will be 
given to children’s inactivity and, consequently, the 
future CVD burden for modern society . 
Methodology
Relevant research concerning childhood inactivity 
and atherosclerosis was identified by searching the 
biomedical and social sciences databases for pri-
mary research material. A total of 6 research da-
tabases (ERIC - Educational Resources Information, 
Family & Society Studies Worldwide, Ingenta, Me-
dline, PreoceedingsFirst - OCLC, ScienceDirect and 
The Cochrane Library) were searched for publica-
tions from 1950 through to the present, with key 
articles obtained primarily from MEDLINE and The 
Cochrane Library. 
In order to ensure that relevant studies were not 
missed, the search terms remained broad. These 
were "childhood inactivity", plus "atherosclerosis" 
anywhere in the title or abstract. No language res-
trictions were employed. 
The searches produced a substantial amount of 
potentially relevant literature –321 full text reports 
were retrieved after screening 5451 titles and abs-
tracts. After screening full reports, 72 met our inclu-
sion criteria and were available within the relevant 
time frame. None of reviews cited duplicated the 
work described here. 
Pathogenesis of atherosclerosis
Atherosclerosis is the process in which atheroscle-
rotic plaques build up in the walls of the arteries 
causing their narrowing, hardening, and loss of 
elasticity [3]. It is a gradual process that begins in 
childhood, but clinically significant disease manifests 
in the mid-to-late decades of life [4, 5]. Subclinical 
(asymptomatic) atherosclerosis is the most wides-
pread pathology in humans.
More than a hundred years ago, in Saint Peters-
burg in 1913, Nikolai N. Anitschkow, a young Rus-
sian experimental pathologist who reported that 
simply feeding rabbits a high-cholesterol diet pro-
duced arterial lesions that closely resembled those 
of human atherosclerosis, proposed the key role of 
cholesterol in the pathogenesis of atherosclerosis 
[6]. Although the design of the experiment was 
subsequently criticized, the current understanding 
of cellular and molecular mechanisms of atheroge-
nesis is still based on the classical lipid theory of 
atherosclerosis, postulating that the most impor-
tant event in the development of atherosclerosis is 
the accumulation of extracellular and intracellular 
lipids in the arterial intima [7]. New research has 
established that atherosclerosis is characterized by 
a lipid-initiated chronic inflammation of vascular 
walls involving both innate and adaptive immune 
cells in the pathophysiologic process [8]. The major 
risk factors giving rise to atherosclerosis are elevated 
blood cholesterol, hypertension, smoking, obesity, 
diabetes, a sedentary lifestyle, and, of course, age 
because of the slow evolution of vascular inflam-
mation [9]. So far, the elimination of risk factors is 
the most extensively studied area and is a widely 
used approach for the primary prevention of athe-
rosclerosis [10]. Therefore, the accurate prediction 
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of cardiovascular risk in asymptomatic individuals 
represents an important task of primary prevention 
medicine [11]. Recent public health activities in de-
veloped countries, resulting in increasingly intensive 
risk factor control, have contributed to significant 
reductions in the rates of atherosclerotic cardiovas-
cular disease mortality. From 2001 to 2011, relative 
rates of coronary heart disease and stroke mortality 
in the United States declined by 30.8 and 35.1%, 
respectively [12]. 
Obesity in the light of evolution
Visceral obesity (fat deposited in the abdominal re-
gion, particularly the viscera) was proven to result 
in greater systemic pathologic effects than other 
patterns of fat deposition [13]. It is considered to 
be strongly associated with the development of an 
array of metabolic disturbances including elevated 
blood pressure, dyslipidemia, impaired glucose tole-
rance or insulin resistance, prothrombotic state, and 
proinflammatory state, together referred to as the 
metabolic syndrome [14, 15]. In an article published 
in 1962, James Neel put forward a novel hypothesis 
to explain the growing incidence of diabetes melli-
tus in the mid-20th century human population [16]. 
The huge proportion of patients afflicted with dia-
betes and related metabolic disorders have promp-
ted researchers to the idea of that these diseases 
would have hindered reproductive vitality and acted 
as a negative selection factor over the course of 
human evolution. To explain their persistence, Neel 
suggested that a “thrifty genotype,” which modi-
fied the regulation of insulin release and glucose 
storage, may have provided a survival advantage 
for some of our hunter-gatherer predecessors [17]. 
Bellisari further elaborated this hypothesis in his re-
view which revealed that primates have the capacity 
to store body fat when opportunities to consume 
excess energy arise [18]. Nevertheless, during most 
of primate evolution such opportunities were un-
common due to frequent starvation accompanied 
by high levels of physical activity. The evolution of 
encephalization in primates was supported by the 
coevolution of elaborate physiological systems to 
protect against starvation and defend stored body 
fat to provide for the metabolic needs of a large 
brain. Visceral fat was especially well constructed to 
resist lipolysis. With these biological mechanisms to 
maximize fuel efficiency in place, human primates 
went on to devise technological aids for increasing 
energy consumption and reducing physical effort. In 
the last century, industrialization provided not only 
access to great quantities of mass-produced, high-
calorie foods, but also enabled a sedentary lifestyle, 
virtually abolishing starvation and heavy manual 
work in much of human society. In this modern 
obesogenic environment, individuals with the thrif-
tiest combination of ancestral energy-conserving 
genes are at greatest risk for obesity. 
Sedentary lifestyle and cardiovascular risk
Recent investigations have demonstrated that struc-
tured exercise programs or even moderate levels of 
physical activity suppress cardiovascular morbidity 
and mortality in the whole population [19, 20]. Seve-
ral cross-sectional studies independently correlated 
low exercise capacity with increased carotid intima-
media thickness (IMT) in both genders, which is of 
clinical importance [21, 22, 23]. Numerous scientific 
reports proved that vigorous physical activity is in-
dependently (e.g., without calorie restriction) inver-
sely correlated with body fat and the prevalence 
of obesity [24, 25, 26, 27]. Carnethon's longitudi-
nal studies reported a graded, inverse association 
of physical activity (PA) amount and duration (i.e., 
dose) with incident coronary heart disease (CHD) 
and stroke [28]. Furthermore, in the Health Profes-
sionals Follow-Up Study, PA “dose” was inversely 
associated with the incidence of CHD over time, 
with rates declining from 46.3, 39.3, 35.9, and 32.2 
to 25.8 cases per 10 000 person-years according to 
quintiles of activity [29]. A meta-analysis of 23 stu-
dies on the association of PA with stroke indicated 
that compared with low levels of activity, high (RR 
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0.79, 95% CI 0.69-0.91) and moderate (RR 0.91, 
95% CI 0.80-1.05) levels of activity were inversely 
associated with the likelihood of developing total 
stroke [30].
Cardiovascular risk begins in childhood
Although atherosclerosis is widely spread in the po-
pulation, it can pass unnoticed for years. Autopsies 
have shown that atherosclerotic processes at the 
endothelial level begin in childhood and progress 
rapidly in the presence of risk factors [31]. The de-
velopment of atherosclerosis is histopathologically 
visible first in the aorta. As described in the early 
fifties, it begins with the formation of a fatty streak. 
In childhood it is depicted as a reversible process 
[32]. In adolescence, some fatty streaks accumulate 
more lipids and begin to develop a fibromuscular 
cap, forming the lesion termed a fibrous plaque. 
In subsequent years, fibrous plaques enlarge and 
undergo calcification, hemorrhage, ulceration or 
rupture, and thrombosis. Thrombotic occlusion 
precipitates clinical disease, depending on which 
artery is affected [33]. In the Bogalusa Heart Stu-
dy, histopathological atherosclerotic lesions were 
measured in arteries from 66 persons aged 6–30 
years who were autopsied after death due to acci-
dents, homicide, or suicide [34]. It was proven that 
LDL-cholesterol concentrations measured during life 
were positively associated with the percentage of 
surface involved by fatty streaks in the coronary ar-
teries and aorta. Atherosclerosis risk increases with 
age, and unhealthy nutritional habits together with 
physical inactivity during childhood and adolescen-
ce have been suggested to favour atherosclerotic 
complications later in life [35, 36, 37]. It has been 
established that serum lipoprotein concentrations, 
smoking, obesity, and hyperglycemia are closely as-
sociated with fatty streaks in the second decade 
of life, while the same risk factors, along with hy-
pertension, are associated with raised lesions in the 
third decade of life [38]. 
Childhood obesity and inactivity
In simple terms, obesity is the result of an energy 
imbalance, where the number of
calories expended is fewer than the number of 
calories taken in [39]. A recent study estimated that 
an excess energy of 110-165 kcal/day could be res-
ponsible for the increase in childhood obesity ra-
tes that was recorded when the 1988-1994 and 
the 1999-2002 NHANES data were compared [40]. 
Whereas the basic mechanism (“energy imbalance”) 
can be simply described, the causes of the energy 
imbalance that affect food intake and energy ex-
penditure are complex and span across many con-
texts including genetic, physiological, psychological, 
behavioural, sociocultural, and economic factors. 
Most researchers suggest that children today live in 
an “obesogenic” environment, where it is effortless 
to consume too many calories, while physical acti-
vity is discouraged [41, 42]. 
Recent epidemiological data suggest that the rate 
of severe obesity in adults and the prevalence of 
overweight in children are still on the rise, sugges-
ting that the burden of obesity-related illnesses will 
continue to increase [13]. In the U.S., among chil-
dren 2 to 19 years of age 31.7% are overweight 
and obese (which represents 23.6 million children), 
and 16.9% are obese (12.6 million children). Over 
the past 3 decades, the prevalence of obesity in 
children 6 to 11 years of age has increased from 
cca 4% to >20% [43]. 
According to a report from the American Heart 
Association, the proportion of young people (≤18 
years of age) who report engaging in no regular 
physical activity is high, and it increases with age. 
In 2009, among adolescents in grades 9 through 
12, 29.9% of girls and 17.0% of boys reported that 
they had not engaged in 60 minutes of moderate-
to-vigorous physical activity [43]. The proportion 
of children’s inactivity varied by sex and race. The 
prevalence was highest in Afro-American (43.6%) 
and Hispanic (30.5%) girls, followed by Caucasian 
girls (25.4%), Afro-American boys (20.6%), Hispanic 
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boys (17.4%), and Caucasian boys (15.9%) [44]. A 
study of Zimmermann-Sloutskis et al. that included 
3068 youths between the ages of 14 and 24 years 
in the period from 1999 to 2006, found that the 
prevalence of inactivity went up with age in both 
boys and girls [45]. In a study of 12,812 youths aged 
9 to 18 years, Kahn et al. revealed that physical 
activity levels in boys and girls declined starting at 
the age of 13, with a significantly greater decline in 
activity among girls [46].
Looking at younger children, a national survey 
of 9-13-year olds in 2002 (Youth Media Campaign 
Longitudinal Survey) found that, although lacking 
reference to the intensity of physical activity, al-
most one-quarter (22.6%) of the children did not 
engage in any free-time physical activity [47]. The 
Middle School YRBS, modeled on the High School 
YRBS and conducted in a number of states and 
cities among middle school students in 2003 [48], 
showed that across cities, the median percentage 
of students in the 6th, 7th, and 8th grades who did 
not participate in physical activities that made them 
sweat and breathe hard for 20 minutes or more on 
at least 3 of the 7 days preceding the survey, ran-
ged from 34.7% to 42.7%. This illustrates the fact 
that a large percentage of middle school students 
are not engaging in vigorous physical activity. A 
more recent study of physical activity in 10-16-year 
olds used an objective measure of physical activity 
(i.e., motion detectors), rather than the usual self-
or-parent-reported measures. The results showed 
that these children spend an average of only 12.6 
minutes per day engaged in vigorous physical ac-
tivity [49]. The most current YRBSS (2005) among 
high school students revealed that 64.2 percent of 
students did not meet the current recommended 
levels of physical activity (doing any kind of physical 
activity that increased their heart rate and made 
them breathe hard some of the time for a total 
of at least 60 minutes/day on 5 or more of the 7 
days preceding the survey) [50]. As often found, 
girls were less active than boys; 56.2% of male high 
school students failed to meet these recommenda-
tions for physical activity, as compared with almost 
three-quarters (72.2%) of female students [50].
While data on general physical activity trends 
show that inadequate physical activity levels have 
remained unchanged and we have seen no impro-
vement since 1991 [51], it clearly appears that the 
percentage of students who walk or bike to and 
from school has declined substantially over the past 
35 years. It has been reported that while 48% of 
students walked or biked to school in 1969, only 
15% walked and 1% biked in 2001 [52]. The per-
centages of walkers and bikers are higher for those 
who live within 1 to 2 miles of school [52, 53], 
but the numbers still represent a significant decli-
ne from a few decades ago. According to a 1999 
Healthy Styles Survey, among participating house-
holds, 25% of children aged 5 to 15 years who 
lived within a mile of school had either walked or 
bicycled at least once during the month before the 
survey [54]. These numbers should be contrasted 
with the numbers from 1969, where the figure was 
close to 90% [55].
Time spent in sedentary activity is time not en-
gaged in more active pursuits, and therefore may 
reduce the opportunity for children to be outdoors 
and be physically active [56]. Estimates vary, but it 
appears that many children and adolescents exceed 
the recommended limit of 2 hours of television wat-
ching per day. Recent national data among high 
school students report that 38% of high school 
students watched three or more hours of televi-
sion on a typical school day [50], which is only a 
slight decrease from the 42.8% in 1999 [57]. Data 
on television viewing among children aged 3 to 12 
years show a decline by approximately 4 hours/
week between 1981 and 1997 [56]. Among older 
children (8th, 10th, and 12th graders), heavy te-
levision watching (4 hours or more) in 2004 was 
slightly lower than it was in 1991, with the rates 
fluctuating between those years [58]. On the other 
hand, television viewing for one hour or less has 
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increased [58]. However, these trends in television 
viewing alone do not provide a complete picture 
of children’s sedentary behaviours. Children today 
may substitute some time previously spent on tele-
vision viewing with other sedentary activities such 
as personal computer use for exchanging emails or 
visiting websites and playing video games. In fact, 
data show that in addition to television viewing, 
other sedentary pursuits may contribute to the phy-
sical inactivity of today’s youth. For example, heavy 
computer use of 3 or more hours per day on an 
average school day, playing video or computer ga-
mes, or using the computer for recreation was re-
ported by 21.1% of high school students in 2005 
[50]. A more comprehensive look at the sedentary 
behaviours among children including various media 
use is available from a Kaiser Family Foundation sur-
vey released in 2005 [59]. Among 8-18-year olds, 
it was found that the amount of non-school rela-
ted use of media (including TV, DVDs, videos, vi-
deo games, computer use, movies, music, and print) 
has increased by over an hour during the past five 
years, from about 7.5 hours to 8.5 hours a day. 
The increases were most evident in computer use 
and video games. However, since multitasking of 
media has increased as well, the actual number of 
media use hours has shown little change at about 
6.5 hours a day (44.5 hours a week). This amount 
of time is interpreted as more than the equivalent 
of a full-time job across the seven days of the week. 
Among the 6.5 hours a day of media time, the 
average amount of time spent watching TV/DVDs/
videos in this group averaged almost four hours per 
day [59]. Even younger children aged 2-7 years were 
reported to spend close to 4.5 hours a day using 
media in 1999 [60]. Considering uses of different 
media at the same time, the total amount of time 
actually spent on media use was about 3.5 hours a 
day [60]. Screen media use (mostly TV and videos) 
by children six and under, reported by their parents 
in 2003, indicated an average of about 2 hours a 
day, which was about the same amount of time 
that the children spent playing outside [60]. In spite 
of the recommendation by the American Academy 
of Pediatrics that children under two should not 
watch any television, 68% of children under two 
used screen media including TV, video, or DVD, for 
an average of about 2 hours per day. A study using 
objective measures of physical activity showed that 
10-16-year olds spent an average of 10.4 hours a 
day relatively motionless. They spent an average of 
a little over five hours per day doing homework, sit-
ting at the computer, or watching television. The re-
maining sedentary time was spent mainly at school 
[49]. Sedentary behaviours resulting from the ad-
vanced engineering of everyday objects such as use 
of remote control devices and elevators/escalators 
must have reduced “unconscious” exercise among 
children and adolescents. However, we do not have 
information concerning shifts in children’s energy 
expenditure as a result of the changes in everyday 
functioning to document such trends. In summary, 
data on media use demonstrate that children today 
are spending far too much time engaging in many 
sedentary activities, such as watching TV, playing 
video games, and using computers. The rise in com-
puters and other sedentary leisure pursuits over the 
past twenty years offers a list of attractive opportu-
nities for spending time during which children and 
adolescents are sedentary, while similarly appealing 
new outlets for physical activity have not followed 
that trend.
Benefits of physical activity in children
Regular physical activity is crucial for health and 
well-being [61]. Physical activity in
children, structured or unstructured free play, is 
essential to maintaining an energy balance, promo-
ting a healthy weight, and supporting cognitive, 
physical, social, and emotional development and 
well-being [62, 63]. Boreham and Riddoch [64] 
describe the three main health benefits that come 
from adequate childhood activity as: (a) the direct 
improvement of childhood health status and quality 
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of life; (b) the direct improvement of future adult 
health status by preventing or delaying the onset 
of many chronic diseases, and (c) an increased like-
lihood of maintaining an active lifestyle as an adult. 
Health benefits of physical activity in adults include: 
a healthy weight; the prevention of high blood pres-
sure, high cholesterol, type 2 diabetes, and heart 
disease; a reduced risk of osteoporosis and certain 
types of cancers; increased muscle strength and 
endurance; and healthy joints. Physical activity also 
helps reduce feelings of depression and anxiety, and 
assists with mood management [61, 65, 66]. 
A review of the literature has found evidence that 
active children have healthier cardiovascular profi-
les than non-active children [64]. There is evidence 
of a relationship between physical activity and lipid 
and lipoprotein levels in adolescents [39, 64, 67]. In 
addition, there is evidence to suggest that physical 
activity in childhood or adolescence can prevent or 
delay the development of high blood pressure later 
in life [66, 69]. Physical activity may also lower blood 
pressure in hypertensive adolescents [65, 68, 69]. A 
recent study found that physical activity was inver-
sely associated with levels of fasting insulin, glucose, 
and triglycerides among children aged 9-10 and 15-
16 [70]. It has also been found that physical activity 
in children and adolescents can help increase peak 
bone mass, and thus reduce the risk of adult os-
teoporosis [64, 65]. Levels of physical activity also 
seem to be associated with physical fitness. In a 
representative sample of 12 to 19-year olds, car-
diorespiratory fitness was likely to be lower among 
youths with low levels of physical activity and high 
levels of sedentary behaviour [71].
Strategies for improved cardiovascular 
health in the future
In the context of growing childhood inactivity, the 
National Association for Sport and Physical Educa-
tion recommend that children aged 5 through 12 
accumulate a minimum of 60 minutes of activity 
each day and avoid long periods of inactivity, whi-
le the Physical Education Guidelines recommend 
that 150 minutes of instructional physical educa-
tion each week should be provided by elementary 
schools, and 225 minutes weekly by middle and 
high schools [72]. 
Realizing the importance of the issue of children's 
inactivity, WHO has instituted a policy option in-
tended to advance the implementation of a global 
strategy on diet and physical activity with the vo-
luntary global target of a 10% relative reduction in 
the prevalence of insufficient physical activity, which 
should halt the rise in diabetes and obesity. The 
proposed policy, among other options, includes the 
creation and preservation of built and natural envi-
ronments which support physical activity in schools, 
universities, workplaces, clinics and hospitals, and 
in the wider community, with a particular focus on 
providing infrastructure to support active transport, 
i.e., walking and cycling, active recreation and play, 
and participation in sports (2). Taken together, these 
data continue to indicate the substantial progress 
that will need to occur for the WHO to achieve its 
2020 Impact Goals over this decade. If the goals 
can be met, there is evidence suggesting that CVD 
event rates could decrease significantly. 
Conclusions
Long-range prevention of CVDs should begin in 
childhood with control of the risk factors to limit the 
extent of juvenile vascular fatty streaks and, more 
critically, to prevent or retard their progression to
raised lesions. To achieve improvements in cardio-
vascular health of future generations, all segments 
of the population will need to focus on improved 
cardiovascular health behaviours of children, in par-
ticular with regard to an increase in physical activi-
ty, as well as on diet and weight. Increasingly im-
portant objectives for developed and especially for 
developing countries should include increasing the 
numbers of individuals who do not smoke, who eat 
healthy diets, and who are physically active at levels 
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that are health enhancing. More children, adoles-
cents, and young adults will need to learn how to 
preserve their ideal levels of cardiovascular health 
factors and health behaviours into old age.
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